To efficiently compress rastcrized compound documents, an encoder must be content-adaptive. Contcnt adaptivity may be achicvcd by using a layercd approach. In such an approach, a compound image is segmcnted into layers and thcn, thc appropriatc encodcrs are eniploycd to compress these laycrs individually. A major factor in using thcsc standard encoders cfficicntly is to match the layers' charactcristics to these of the encoder by using data filling techniqucs to fill-in the initially sparsc layers. In this work wc propose a sub-optimel non-linear projections scheme that efficiently matches thc baseline JPEG coder in compressing background layers, leading to smaller files with better image quality.
INTRODUCTION
It is long recognized that the compression of images is content dependent. Today, a wealth of compression schemes is available to effectively deal with different kinds of images according to the characteristics of their content: we have bi-level image compression, continuous-tone image compression, as well as artificial image (graphics) compression. The most difficult case to compress is that of compound images. Compound images are images comprising text, graphics and continuous-tone images. Since efficient compression is specific to each kind of image an effective way of dealing with such images is the layered approach. According to the layered approach, a compound image is segmented according to some features into three or morc layers. These layers can then be efficiently compressed by standard encoders, such as JPEG [I] or JPEG2000 [2] for color layers and JBIG [3] or " 3 2 [4] for the masks. This way the overall image compression and quality are optimized in comparison with the onescheme-overall-compression approach.
Many works ([9]-[16], [24] - [28] ) have already pointed out how this approach results to significantly better results both in compression and final image quality. The threelayer rcpresentation of a compound RGB color image leads to an augmentation of the data bit depth from 24 bpp to 49 bpp, since the representation involves two 24 bpp images (foregroundhackground) and one 1 bpp image 0-7803-8554-3/04/$20.00 0 2 0 0 4 IEEE.
(mask)'. Although the scheme seems extrcmcly redundant, it is in this representation that lays the key to efticient compression. Though the model seems simplc, it has proven to bc cxtrcmely powerful, and, in minor variation, is already succcssfully employed in several commercial products, such as DjVu [5] and Digipaper [6] . In thcsc cases the model, although based on the sanic idcd, is not compliant to any standard. It is since the release of ITU MRC Rec. T.44 (Mixed Raster Contcnt) [7] , that the representation of a decomposed compound document image got a standard form. Based on this Rec., L. It has soon been realized that, since one of the consequences of the segmentation is that the produced layers are actually sparse matrices, there has to be an algorithm to fill-in the missing parts, so that existing compression schemes could actually operate efficiently on them. There are many techniques available for this task, although some of them did not initially appear as solutions to this problem. An important aspect is that the approach of filling-in the missing parts should be "compatible" with the characteristics of the encoder that is to he used on each layer. Thus, the foreground and background layers have to be filled with specific color information, usually deduced from existing parts of the corresponding images, so that some sort of "continuity" is ensured in all areas of the resulting images that will be compressed with standard lossy/lossless coding schemes such as JPEG or ' It should be noted that in our experimentations the foreground was considered to be monochrome for simplicity and it was discarded; this way the total data bit depth becomes 25 bpp. JPEG2000. As expected, the filling-in of these layers is not a trivial task. The focus in this work is on manipulating the background layer. This layer has usually much less sparsity and can be filled-in using various methods. In most published works on this subject, two approaches can be idcntified:
Recunstrucriun [22] , and methods dealing with thc rcconstruction of missing parts that were lost during a noisy transmission [23] which are driven by the notion of significantly improving compression performance, without any reconstruction notions in mind; there are methods like in [24] where J.
Huang et al proposed a layered mctbod for compressing bank check images, in [25] where H. Chen et a1 proposed an iterative Projections Onto Convex Sets (POCS) [26] algorithm to encode arbitrary shaped image segments, the work of L. Bottou and S. Pigeon in [27] (migrating from the DCT to the wavelet domain), in [28] where R. Stasinski and J. Konrad, propose a variation to [25] Obviously set (b) is a convex set, while (a) is not. Since this holds, the system cannot be describcd by the POCS theory and, therefore, cannot he guaranteed to converge to a global minimum. Despite the difficulties in theory we implemented the system, and found that the system always converges. Convergence speed as well as finding the global optimum depends a lot on the initial prefilling method used. As we are bound to sub-optimality, it is reasonable to assume that the starting point (or the prefilling method) is a key point to improve the approximation of the overall optimum. To verify this, we have tested thirteen prefilling methods in order to evaluate the effect of each algorithm on the efficiency of the overall system: one method that sets all masked pixels to zero (method 0) and twelve methods that fill-in according to an algorithm. As expected, method 0 was the worst case, leading to bigger image files with the lowest quality. Methods based on global features failed to capture local characteristics and therefore to match the encoder. Methods based on inpainting gave impressive results in terms of reconstruction but the compression efficiency was not as good as with the "adaptive" methods, where prefilling actually takes the given encoder into account. The method proposed in this work gave the best results on the average (whcn considering both compression and quality gain). We named this mcthod DC-HLflmun since it fills-in with DC values, having the baseline JPEG's Huffman coder in mind. In FIG. 1 we show the overall system performance evaluation with respect to the prefilling methods for a typical test image and IPEG quality factor fixed at 50. In the figure, methods are sorted from left to right according to thcir descending order of efficiency. Improvement is expressed in terms of comparison with thc case of using prcfill method 0. In FIG. 2 we show a typical example of a mixed image, a mask and the corresponding foreground and background images to be processed and compressed. In FIG. 3 we show a zoomed portion of the resulting images, aRer projections convergence, for the case of prefilling method 0 and method DC-Huffman. P E G quality factor is fixed to 50. If we examine the images we can see that when using zero-prefilling the final image is not filled with data matching the encoder; since sharp edges are preserved, ringing effects are significant in the areas around the masked pixels, lowering the overall image quality. On the other hand, DC-Huffman prefilling leads to a smooth image without discontinuities and without any ringing artifacts. The objective and subjective quality of the nonmasked background pixels is significantly improved. The algorithm was tested on a set of standard document images, both gray-level and color, and turned out to give similar results. The background was filled using five mcthods and compressed with baseline JPEG. In FIG. 4 we show the average quality obtained for fixed bitrate (at 0.34 bpp). Results show that the proposed method achieves a better overall average imagc quality.
CONCLUSIONS
In the fast growing world of digital compound or documcnts images, eficient compression can be achieved by using layered schemes. These layers, defined by following the MRC model, can be coded with standard encoders and are expectcd to bc of small amount of bytes and improved quality. An important aspect of the wholc process is tlie correct data filling of the sparse layers, as this would ensure improvement both in compression and quality. In this work, inspired by thc work on POCS, wc proposed a non-linear projections scheme for data filling that matches the baseline JPEG coder and produces good compression results and improved image quality.
